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ИНКЛЮЗИВНЫЕ СПЕКТРЫ АДРОННЫХ РЕЗОНАНСОВ

В РАМКАХ МН0Ш1АРТ0НН0Й РЕКШБЙНАПИОННОЙ МОДЕЛИ

П. ФРАШЕНТАВДЯ ПИОНА И КАОНА

В рамках многопартонной рекомбинационной модели получены

инклюзивные спектры "прямой" фрагментации пиона и каона в ме-

зонные и барионные резонансы. Из сравнения предсказаний моде-

ли с экспериментальными данными получены оценки для параметров

распределения морских партонов в пионе и каоне. Получено удов-

летворительное описание инклюзивных спектров мезонных f ° ,f ,

К" (890) , К
4
"(1430) и антибарионного Ё

±
(1385) резонансов

в широкой области'по фейнмановской переменной х , а также ба-

рионных резонансов ZI
±
(I3S5), Д

+ +
(1232) при X > 0,4 в

области фрагментации пиона и каона в ЗГр - и кр - взаимодейст-

виях при высоких энергиях.
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§1. Introduc ti on

In Ref. [i] , on the basis of earlier suggested [2,3] multi-

parton recombination model (MRI.T), there have been satisfactori-

ly described the experimental data on inclusive spectra of ba-

ryon and meson resonances in the fragmentation region of proton

in its interactions with high-energy hadrons ( ?- 30 GeV/c).

In ШШ the shape of inclusive spectra (over the Peynnan variable

X ) in the direct fragmentation of proton into hadron resonan-

ces is fully determined: a) by distribution functions of par-

tons (valence and sea ones) in proton taken from experiments

on deep inelastic lepton-nucleon scattering; b) by distribution

functions of valons (constituent quarks) in the final hadror;

c) by the probability Vf of a sea parton of incident protcn

being included in the sea of the final hadron. In Refs.[2,3]

it has been shown that W is determined by the number of valence

quarks И common for the incident proton and final hadronr e-.t

i%=3 w ~ 1 , at !J
v
=2 W~2/3, at N

y
=1 O«v7<1/3, at iy=0 W-^0.

As mentioned in Ref,[iJ, the details in the valon distribution

in the final hadron do not strongly affect the shape of the

inclusive spectrum
9
 that is why these distributions are given

(see also Refs*[4-6]) in analogy with valon distribution func-

tions of proton (for baryon resonances), of pion (for nonstran-



ge meson resonances) and of kaon (for strange meson resonances).

We have much poorer information on the^parton distribution

functions in pion and kaon than in nucleon. We have data (ob-

tained in the experiments on Drell-Yan pair production) only

on the distribution of valence quarks (antiquaries) in pion,

and of nonstrange valence quarks (antiquarks) in kaon; to get

information on the distribution of sea partons" (quarks, anti-

quarks, gluons) by investigating hard processes in pion and

kaon beams seems to be a problem not practically feasible.

That is why attempts are made [7,8] to get such information by

using quark-parton models to describe hadron processes with

small transverse momenta.

The aim of the present work is to apply the MRb-1 to frag-

mentation processes of 5l - and K-mesons into hadron resonan-

ces and extract the parameters of parton distribution functions

for pion and kaon from the comparison with the experiment.

Consideration of production processes of the very hadron reso-

nances stems from the fact that their inclusive spectra reflect

more directly the structural peculiarities of the particle

fragmented, than do the inclusive spectra of stable particles

involving quite a contribution from decays of resonances. In

§2, on the basis of the Kuti-Y/eisskopf model [9] and using data

on Drell-Yan pair pro'uetion [10] in pion and kaon bsams the

valence part of st. .tcture functions of 5Г - and K~mesons is

fixed, arid their two-valon distribution functions are deter-

mined. In §3 the parameters of distribution of sea partons in

pion and kaon are estimated by comparing the MHK predictions

with the available experimental data on production of лезет:



and baryon resonances А« .ue xragmentation region of incident

pion (kaon); satisfactory agreement of calculation» with the

experiment being provided.

§2. Distribution of Partons and Valone in

Si - and K-lIesone

We shall use the multiparton distribution function proposed

in the Kuti-Weisskopf model 9 to describe distributions of

valence quarks and sea partons in meson M(q
1t
q

2
) (q.Дж1,2 -

- quark or antiquark). According to this model the distribu-

tion densities for valence q(x) and sea в. Ax) partons have

s
the form:

(1b)

where a = u,u,d,d~,s,s*,G is the sea parton kind (sort) (contri-

butions of heavier sea quarks are not considered).. Yvr* ̂ -йа i

В(зс,у) is Euler's beta function. Parameters £ , character-

izing the behaviour of structure functions at x-*0, are equal

£11,12} for the valence quarks of pion and for the nonstrange
Я .к

valence quark of kaon-jJ
u(d
, * Pufd)

 =
 ^»5» and for the strange

one - fi • 1. Parameters Jf „ can be estimated from the

data on the Drell-Yan lepton pair production in pion and kaon

beams [1OJ ; ^- 1.6 «md Jf
K
 = " ""» ""*— *

 пЛ
 "

5



sions (1) for pion will read:

-0,77x"*'(1-Х)*
1
 <2a)

t x )
 (2b)

for kaon

°'
S
(1-X>

1>3
 (3a)

It follows from (2) and (3) (see also Refs. [11,12] ) that the

valence quarks in pion carry on an average

= 0.1.9» sea partons - 0.62 of the pion longitudinal momentum;

in kaon the nonstrange and strange quarks carry on an average

*«"*)
 =
 A"

W
/(Pbd) + K + M ' °-

18
 «* *f

a
ti/<tiw

 +
 К

 +

+
 IS к) " °»3б, respectively, sea partons - 0.46 of the kaon

longitudinal momentum. The unknown in 3qs.(2b) and (3c) para-

meters Q
a
 ( 9

a
 ) , characterizing the mean portions of" momen-

ta carried by sea partons of the given kind (a = u,u,d,d,s,s,

G) in pion (kaon), will be estimated in the following paragraph

by comparison of IifflM predictions with the experimental data on

inclusive cross sections of production of hadron resonances.

The Kuti-i7eisskopf model allows to calculate also the

x-distribution of any multiparton subsystem аз a whole [2,33 •

A particular case of such a subsystem in шезоп is valon which

contains one of the valence quarks and on an average V/ = 1/2

part of sea partons of meson (the probability of the giver, sea

б



" * * • • •

parton to belong to valon is lii/ = 1/2). Valon distribution

densities, calculated in analogy with Refs. [1-3], in meson

have the fora:

(4a)

Q.(i s t,2) designates a valon which contains q. valence

quark . If the mean momenta carried by valons in pion are equaJ

to 0.5, then in kaon the nonstrange valon will carry on an ave-

rage X^
5
-(f

u ( d )
+JJ

K
/2)/(i3

u

K

c d ) + j
e

s

K

 + ?
f

K
) « 0.41, and the strange

valon - X
S

K
 = (pj * U/Z)/{Kid)

 +
 Ps

 +
 Хк) _ - °'59 of

the longitudinal momentum of kaon. The ratio ^s /^U(D) =1«4

is close to that used in the additive quark model [13] and car-

be interpreted [4-6» 11-13] аз a result of difference in mas-

ses of strange and nonstrange valons.

Distributions of valence quark-partons and valons for pion

and kaon are shown in Pig»3. The valon distributions obtained

in this paper considerably differ from the analogous distribu-

tions in the additive quark model [13] (also sho'.vn in Pig.3)

and practically coincide with those obtained from mesons form-

factor analysis [5,6].

£3. Comparison with the Experiment

1

In LIRIvi the invariant inclusive cross sections -HX)---^"*

is i—г^т^Рт °f production of direct hacirons • h in the

fragmentation region of incident гас son i\ have the f ollovring

[1] ;

J



max
Ny

\

(5)

Summation in (5) over H means that to the inclusive spectrum

of hadron h contribute processes where from incident meson

into h hadron pass from И «* 0 to H = U
0 8
* valence

quarks, where U^
a x
 is the maximum possible number of valence

quarks common for incident meson and final hadron.

The function Fy,...̂  (XffvXih', Wf,...,W
M̂
) characterizes the

statistical weight of the meson multiparton substate, which

has the same quark composition ( V*,— , Ущ, ) and longitudinal

momentum x as the hadron h (IT. • 2 if h is a meson, N_ *

в 3 if h is an (anti-)barion), and which contains on an ave-

rage W * 21 W| part of sea partons of meson. A hypothesis is

used in ШШ, according to which the recombination of multipar-

ton substate into final hadron is preceded by formation of

constituent object-valons Vi,...
;
 V#

h
 which correspondingly

carry portions of Xi/x,-"
7
 X N

K
/ X longitudinal momentum

of this substate [1]. Parameters Wi,-.,WN
h
 determine the

probabilities with which the substate parton sea is distributed

between V», •-., V^
s
 valons. The function Fy

f
 ... v

Mh

(Xf
>
...

)
X|>j|

l
 j VVtj'-v WN»,) is expressed p ] in terms of parame-

ters of parton distribution functions in meson (1). In Refs.[2,

3] is shown, that in diffraction-type process (e.g. p*p,

(IT —" JT~" , Ki-fc-K— etc), when all valence quarks of inci-

dent hadron must be included in the multiparton substate (i.e.



in case of an incident meson IT
r
 а N™

a x
 = E. = 2), then •/ t» 1,

that is to say, practically the whole sea passes to the final

hadron, and in this case W ^ • • • = W N
H
 - V4/Nh ^

a c a s e
 °* ^

v

=
^»

i.e. none of valence quarks is included in the multip&rton

state, and in the final hadron occur К sea quarks (antiquaries)

of incident hadron, then V/ f» 0 ( Wi = ... = VVVi
h
 = 0). In сь..зе of

I* = 1, ч can be other than zero; it being ass игле d [1], that

'./.. я •..' for valon containing a valence quark of incident hadron

and V/. s 0 (j 4 1) for other valons which do not contain a

valence quark of incident hadron; the value of V/ will be later

determined from the comparison of (5) with the experiment.

Expressions of functions F
VI
...

VN
 ( X

1;
..., X

N h
 ; W*, •••, VYjg

b
) foi

processes 5Г, К —*• h considered in thic paper, are presen-

ted in the Appendix.

The so-called recombination functions in the Uq,(5) are

expressed [1-6J in terms of two-(three-)valon distribution

functions of meson (baryon) h :

КьС2ь-->
2
Мь) = Яь(П^)&ь(21,-->2О (б)

Expressions for G
h
 are ̂ iven in the Appendix too. Coefficients

A. in 3q.(6) characterise the relative probabilities of recom-

bination of multiparton state into hadrons from different nulti-

plets. In case of proton fragmentation into vector raesons fron

the lov/est nonet ( о , K(89O), the coefficient ;.̂  appeared •

to be close to unity: A.. = 1 [1]. further, v;e shell fix this

/alue also for processes 51 , K-»-!.I (1Л s ̂ > , 31(890), у ),

and the degree of suppression of meson production from the

higher multiplets (in particular, of tensor aeson X(143C)) knd



of Ъг.гуоп resonance pruuuutiun \xn particular, from the lowest

decuplet of baryona (antibaryons) Д (1232), 21 (1385),

21 (1385) ) will be determined from comparison With the expe-

riment. Below are given the obtained from the Eq.(5) general

analytical expressions for non-diffraction (N
y
 <• 1) meaon frag-

mentation into meson and baryon resonances. In case of fragraen-

tation of meson M(q.. ,qo) into meson resonance К (q..,a), conta-

ining the valence quark q̂  of incident neson (К я 1):

(7a)

In case of fragmentation of meson M(q-,qp) into meson re-

sonance M (a,b) which does not contain a valence quark of inci-

dent meson ( N = 0):

SuiaCut Зм-м»
%
 ' « • " ' ' (7b)

In case of fragmentation into a (anti-)baryon resonance В (q..,

a,b) containing a valence (anti-)quark of incident meson q..

л

(8a)

Г(Х) io Eulor's



gamma function. In case of fragmentation into (anti-)baryon

resonance В (a,b,c) which doea not contain valence (anti-)quark

of incident meson:

In Pigs.4-9 the obtained by means of Eqs.(7) and (8) inclusive

spectra are compared with the experimental data on meson reso-

nances p° , if , K(890), K(143O) and baryon (antibaryon) reso-

nances Д (1232), 21 (1385), Z. (1385) production at energies

more than 30 GeV, involving quite a wide range over x in the

fragmentation region of incident kaon (pion). Satisfactory

agreement with the data on fragmentation into vector mesons

(with the highest statistics, Pigs.4,5,7) is achieved at W *

• 0.2 +0,1 . It means, that in subprocesses with N « 1 the

valence quark, passing from an incident meson to a final one,

partially looses its "cloud" of sea partons. Note, that in 3qs.

(7) and (6) the use of the value of W « 0 (i.e. the valence

quark entirely looses its "cloud", as proposed in recombinatxoi

models developed earlier [27-28] ) or './ = 0.5 (the valence

quark has its whole "cloud" around it, as suggested in the ad-

ditive quark model [13] ) leads to disagreement of Ш И predic-

tions with the set of experimental date £--iown in Figs.4-9.

The values of parameters g^ , at which the curves (on

kaon fragmentation) shown in Figs.4-10 are calculated, are

presented in the Sable.

Mie suppression factor А к
 o f

 kaon strange sea with res-

pect to the nonstrange one (in IHRXL Л
к
 is determined, in

particular, by relations between inclusive cross sections of

11



processes К —*- «̂  and K-~K(890) at large x ) is obtained

to~be Л к
=
 2^s/(9u

 +
 9d)

 =
 ^«24 . Comparison with the experiment

fo^ the process ЙГ-*-р° , and also predictions for inclusive

spectra of ЗГ ~*~p~ are shown in Pigs.4a, 10 at the value of

лг 5t Si

parameter q£ for nonstrange sea 9 ц, ~ 9d =
 °»31 (see . the

Table). The parameter Q_' and, consequently, the suppression

factor • Л я can not be determined at present because of

the lack of data (at high energies) on fragmentation of pion

into mesons containing a strange чиагк. ifote, that the change

of the parameters given in the Tt.bie by less than 20-25"л does

not considerably deteriorate the agreement between the calcu-

lations and the experiment.

Comparison of theoretical spectra» of the process K'-*-K(i43Q)

(at parameters. Q - given in the Table) with the experiment

has shown that A, =
 A
ir/-j/on) * 1/2 (Fig.6) which characterizes

the decree of suppression of tensor meson production with res-

pect to the vector ones. In the spectrum of K(890), besides the

direct production, contribution of' K(143O) -*• K(890)5T decays

is taken into account; unessential contribution of K(143O)-*"

—•* K(B9O)5TJT decays is ignored. In calculations is also

ignored the possible minor contribution [20,22] of decay of

the highest resonances produced at diffraction excitations of

incident meson.

The Eq.(S) at paraneters Cf
G
 , ̂ iven in the Table, well

describes the x-dependence of the inclusive spectrum of anti-

baryon x-esonejices ( 21 (1385). Pig-S). and agreement with the

value of inclusive cress section is achieved at the proportio-

nr-.iiky coefficient of A.. =-• -.,., -•• 1/4 v.'b"ii;h ohy.racter.ises the



suppression of meson fragmentation into baryon-antibaryon pair

with respect to meson fragmentation into mesons of vector mul-

tiple t. In Pigs.8,9 calculations are compared with the experi-

ment on baryon resonances 2" — (1385), Д
++
(1232) at a given

Ag. At large x the experimental data in all agree with the

theoretical curve, while in the region of x<0.4 there is

observed a noticeable excess of experiment over calculation

which is due to contribution of the high-energy part of the

recoil baryon spectrum in the meson-proton interaction.

Thus, the MRAl in all satisfactorily describes the experi-

mental data on meson fragmentation into hadron resonances.

The further storage and checking of experimental data on

production of hadron resonances and simultaneous analysis in

the MRM framework of inclusive spectra of stable hadrons and

hadron resonances in the fragmentation region of In— and

K-mesons will allow to estimate more accurately parameters of

parton distributions of these mesons.

13



Appendix

Functions F
V|
...

VNh
(X,

r
.,X

Nh
; W

1 ;
..

7
W

N h
) and G

h
 Ĉ ,,..., 2

N b
)

in Eqa.(5) and (6) for inclusive cross sections of different

fragnentation processes of MCq^qp)-*-!! have the following

form:

A) lie son HCq^qg) -*• meson processes: x » x-i+xp

1. N
v
 *1, on valence q

1
 quark (antiquark), VI^*\4mO,2, Wg»O

2. N
y
 • 0, W

1
 = Y/

2
 . 0

(1х;-
1 +
^

+
^

Ч м
(л)-

1
 (

Арр
.1ь:

The two-valon distribution in meson M (a/b) (where a,b a u,d,a)

has the form (see 3a , ЗЪ )s

G
M
* (z,,г

г
)=г^гt

в
в"

1
(oг

а
+1,oc

в +
 ̂ )

 (App#2)

/here ot<j = 'i + Ум/2 * fy ; Jf
M
 » Ьб

B) Meson M(q
1
,q2) -*• (anti-)baryon processes: x = x-+Xp+x,

1. К = 1, on valence q- quai'k (antiquark), 4L = "
r
 = 0.2,

v/
2
 = v/

( Х г Х з )
 "

(Арр.За)



2 . Б у = О, « 1 = W2 « W3 = 0

(Арр.ЗЬ)

The three-valon distribution in baryon В <a,b,c) has the

following fora (z
1
 + z

2
 + z, = 1):

(Арр.4)

uler's gamma function.

w h e r s
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Pig.1 Distribution function of valence quark in 5Г -meson

determined by J**J*~ -pair production in Я р - inter-

actions: • - HA3, 200 GeV/c; о - CIP, 225 GeV/c; ' Д -

-GOLIATH, 175 GeV/c ЦЮ]* ТЬе curve is calculated by the

formula (2a).

0,5

-.9 X
JPig.2 The ratio of distribution functions of the nonatrange

valence quark of kaon and valence quarlc of pion [10]. .The

curve is calculated by the formulae (2a) and (3a).

16



Fig.3 Distribution of valence quarks xq(x) and valons Q(x) in

3l (a) and K( % ) mesons.

a) Curve 1 - the valence quark of SI -meson, curve 2 -

- the valon in SC— meson (coincides with the distribu-

tion determined in Refs.[5,6]), curve 3 - the distribution

of constituent quark (valon) in the additive quark model

[13].

b) n" rve 1(4) - nonstr&nge (strange) valence quark in

K-meson; curve 2(5) - nonstrange (strange) valon in K-me-

3O3i; curve 3(6) - nonstrange (strange) constituent quark

in the additive quark model [13] •



Fig»4 Inclusive spectrum .oi' Q -тпвзоп in the fragmentation

region of Gl (a)- and K( 6 )-mesons, The calculated

curves correspond to frayruntation pvoceLzos at the num-

ber of common valence quarks N a 1 (dashed curve), IT,.-~0

(dot-and-dash curve); fche solid our-.'--5 is the total spec-

trum.

a) 5Г
 ?

" 9 : * - '(47 GeV/c 14 ; Й" -~~ f-' ; о -•

~ 147 GeV/o [143 •

o) K +" -E^. p° . e> .. 32 GeV/c [ 1 3 b a» ~ "° G 5 V / C

[ 1 6 ] ; K~—'*- f : о ~ 32 GeV/c [17], Д. - 110 •

• GeV/c [ 1 8 ] ,



•t .3 .5 .7 .9 x

Fig.5 Inclusive spectrum of *f -meson in the fragmentation

region of K-meson: K
+
 JL- у : • - 32 GeV/c [15] ,

A - 70 GeV/c [19] 5 K~ JL^*f : о - 32 GeV/c [17].

Dashed curve - N « 1, dash-and-dot curve - N
v
 = 0. The

solid curve is the total spectrum.

19



.9 X

Fig.6 Inclusive spectra of K(143O) mesons in the fragmentation

region of kaon.

a) K+ _£. K+(143O); • - 32 GeV/c t20]; 1Г.Д- K"(143O)

о - 32 GeV/c [21J: dashed curve - N « 1 (fragmenta-

tion on the strange quark of K-jneson), dash-and-dot curve

- N
y
 e 1 (fragmentation on the nonstrange quark of K-

meson), dash-dot-dot curve - N = 0. The solid curve is

the total spectrum.

b) К
+
-Л-К°(1430); « - 32 GeV/c [20]; X"-J£- P(143O):

о - 32 GeV/c [21]. Dashed curve - N
y
 » 1 (on stranp«

quark), dash-and-dot curve - M"
v
 ш 0. 0?he solid curve ±ь

total spectrum.

20



.7 .9 x

ig.? Inclusive spectra of K(890) mesons in the fragmentation

region of kaon. The dashed curve is the spectrum of

"direct" fragmentation of kaon into K(890). The solid

curve is the total spectrum with regard for "direct"

fragmentation and decays K(143O) -~- K(89O)5T

a) K
+
_iU K

+
(890): • - 32 GeV/c [22] , A - 70 GeV/c

[16]; K~_JU K"(890): о - 32 GeV/c [21], Д - 110

GeV/c [18] .

b) K+ - Л . K°(890): • - 32 GeV/c [22] , A - 70
nreV/c [16]; IC-JU K°(890): о - 32 GeV/c [21], Д -

- 110 GeV/c [18] . • •



• 1 .3 .5 .7 .9 *

»ig.a Inclusive spectre If (1385) and П (1385) in the frag-

mentation region of K-meson

K
+
^L^ It +( £ " ) , • ( A ) - 32 GeY/c [23] ;

о t Д ) - 32 GeV/c [24] .

Pig.9 inclusive apectra of Д++(1232) in tne fragmentation

region of К-шезоп. К*-Л- A + + : • Ы - * *"'*

[25,26] , A - 70 GeV/c [25] J К"

- 32 GeV/c [24] . 2 2

о -



10"

Pig.1O Inclusive spectra of a+ (curves 1,4), Oo(ourves

2, 5) and £** (curves 3, 6) mesons in the fragmenta-

tion regions of 5[+ (curves 1,2,3) and K+ (curves

4,5,6} mespns.
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